The nucleotide sequences of CAP59 genes from five serotypes of Cryptococcus neoformans were analyzed for their phylogenetic relationships. Approximately 600-bp genomic DNA fragments of the CAP59 gene were amplified from each isolate by PCR and sequenced. The CAP59 nucleotide sequences of C. neoformans showed more than 90% similarity among the five serotypes. By phylogenetic analysis, their sequences were divided into three clusters: serotypes A and AD, serotypes B and C, and serotype D. In addition, the results of reduced amino acid sequences were similar to the nucleotide sequence data. These data revealed that serotype AD was genetically close to serotype A rather than serotype D, although it had been considered to be a mixed type of serotype A and D by serological analysis. Furthermore, the nucleotide sequences of the serotype B and C isolates of C. neoformans were very similar to each other. These results indicated that serotype B and C isolates belonging to C. neoformans var. gattii were genetically homogeneous and closely related. The molecular analysis of the CAP59 gene will provide useful information for the differentiation of serotypes of C. neoformans and for an understanding of their phylogenetic relationships.
Isolates of Cryptococcus neoformans from human cryptococcosis have been identified by morphological, biochemical, and serological analyses. C. neoformans was divided into five serotypes: A, B, C, D, and AD (1, 2) . The serotyping of C. neoformans has been performed immunologically with antisera against the mucopolysaccharide capsule component of the yeast. However, there are some limitations in the serotyping, since noncapsulated mutants and nontypeable isolates have been reported (5, 6) . Furthermore, we previously reported that an isolate of C. neoformans var. neoformans (serotype A, D, or AD) showed atypical biochemical characteristics (7) . Thus, a new, easier, and more reliable method is required to confirm the serotype.
There have been many investigations of methods for molecular analysis of C. neoformans. A CAP59 gene deletion by homologous integration resulted in an acapsular phenotype, as indicated by Chang and Kwon-Chung (3) . Moreover, they demonstrated that capsule-related virulence was accounted for molecularly and that the CAP59 gene is required for capsule formation.
Therefore, this study attempted to differentiate five serotypes of C. neoformans by molecular analysis of CAP59 genes and to investigate their phylogenetic relationships.
MATERIALS AND METHODS
Fungal strains and culture. The strains of each of the serotypes A, B, C, and D, including the reference strains, and the three strains of serotype AD were used in this study (Table 1) . These isolates were inoculated on sunflower seed agar (8) at 25°C, allowed to grow for 5 or 6 days, and then cultured in Sabouraud broth (peptone, 1%; glucose, 4%; yeast extract, 0.05%) at 25°C for 10 days.
Isolation of genomic DNA. The yeasts were collected by centrifugation at 3,800 ϫ g for 5 min and then homogenized in liquid nitrogen. The samples were lysed with 1 mg of Zymolyase-100T (Takara, Kyoto, Japan) per ml in a lysis buffer containing 0.1 mM EDTA, 1% sodium dodecyl sulfate, 10 mM Tris hydrochloride (pH 8.0), and 0.3% 2-mercaptoethanol at 37°C for 16 h. High-molecular- With these primers, a 597-bp fragment containing about 30% of the coding sequence of the CAP59 gene was amplified (Fig. 1) . The PCR amplification was carried out for 35 cycles consisting of template denaturation (1 min at 94°C), primer annealing (1 min at 53°C), and polymerization (3 min at 72°C). The PCR products were electrophoresed through 2% agarose gel and then stained with ethidium bromide and UV irradiation.
Cloning and sequencing of PCR products. The PCR products from each isolate were gel purified and cloned into pCRII vector (Invitrogen, San Diego, Calif.). The plasmid DNAs from more than three clones of each species were extracted with a Qiagen (Studio City, Calif.) plasmid kit and sequenced by the dideoxy chain termination method using an ABI PRISM 310 genetic analyzer (Perkin-Elmer, Foster City, Calif.).
Phylogenetic analysis. To examine the phylogenetic relationships, the nucleotide and reduced amino acid sequences were analyzed by Clustal W multiple sequence alignment programs (10) and a phylogenetic tree was constructed by the TREEVIEW phylogeny display program (9) . Bootstrap analysis was performed on 1,000 random samples taken from multiple alignments as described by Felsenstein (4) .
Nucleotide sequence accession numbers. The sequences reported in this paper have been deposited in the DDBJ-EMBL-GenBank database under the following accession numbers: Filobasidiella neoformans serotype A, AB019367; F. neoformans serotype AD, AB019368; F. neoformans serotype B, AB019369; F. neoformans serotype C, AB019370. Serotype AD was genetically close to serotype A rather than serotype D.
RESULTS

Amplification of the yeast DNAs with degenerate CAP59
primers yielded fragments of approximately 600 bp, consistent with the sizes of CAP59 gene fragments reported previously (3) . Nucleotide sequence analysis of the CAP59 gene fragments indicated more than 90% sequence similarity among the isolates of five serotypes (Fig. 2) . In addition, reduced amino acid sequence analysis of the CAP59 gene fragments produced the same results. An especially high degree (Ͼ92%) of nucleotide and reduced amino acid sequence similarity was noted among the CAP59 gene fragments of serotype A, serotype AD, and serotype D. The phylogenetic analysis revealed that the nucleotide sequences of CAP59 gene fragments from five serotypes of C. neoformans were divided into three clusters: serotypes A and AD, serotypes B and C, and serotype D (Fig.  3) . Furthermore, the phylogenetic analysis indicated that reduced amino acid sequences of CAP59 gene fragments were similar to the nucleotide sequences and genetically distinct from each other in serotype (Fig. 4) .
DISCUSSION
The isolates of C. neoformans were analyzed using nucleotide sequences of CAP59 genes from five serotypes of the yeast. The phylogenetic relationships based on the CAP59 gene sequence alignment from the isolates of five serotypes agreed with the biochemical and serological analyses, and CAP59 gene FIG. 3 . Phylogenetic tree showing relationships of CAP59 gene fragments from five serotypes of C. neoformans based on DNA sequences. The DNA sequences were compared by Clustal W multiple sequence alignment programs, and a phylogenetic tree was constructed by TREEVIEW. Bootstrap analysis was performed on 1,000 random samples. The numbers at the branches were determined by bootstrap analysis, indicating the times in 1,000 repeat samples in a monophylogenic grouping. fragments showed more than 90% sequence similarity to each other. An especially high degree (Ͼ98%) of nucleotide sequence similarity was noted in the CAP59 gene fragments between serotypes A and AD, and also between serotypes B and C. There were no differences in the sequences of the CAP59 gene between isolates of mating types a and ␣ in the same serotype. Although serotype AD has been considered to be a mixed type of serotype A and serotype D by serological analysis, our study revealed that the nucleotide sequence similarity between serotype A and serotype AD was very close and that these two serotypes were included in the same cluster. Furthermore, the band patterns of serotypes B and C were shown to be similar to each other as in our previous report, by PCR fingerprinting with an FM1 random primer (5Ј-AGC CGC CTC CAT GGC CCC AGG-3Ј) (7). The serotypes B and C were genetically homogeneous and closely related in both studies.
The sequence analysis of the CAP59 gene in this study should be very useful for understanding the evolution of C. neoformans as well as for the differentiation of these five serotypes.
